Purpose: This study assessed the efficacy of methylphenidate versus placebo for cancer-related fatigue reduction. Other objectives were to analyze cytokine levels and to determine the effects of methylphenidate on other symptoms, cognitive function, work yield, and patients' perceptions and preferences.
METHODS
We conducted a randomized, double-blind, 2-period, placebo-controlled, crossover trial of methylphenidate as treatment for CRF. This study was approved by The University of Texas MD Anderson Cancer Center Institutional Review Board. Study participants were approached and consented by the principal investigator or a delegated study investigator after the informed consent was approved by The University of Texas MD Anderson Cancer Center Institutional Review Board. All participants signed the informed consent and received a copy of the consent document. The informed consent and documentation of the consenting process were placed in the patients' medical records.
To be eligible, patients had to be at least 18 years old, use acceptable birth control, and have a life expectancy of at least 6 months. Patients also had to score 2 or less on the Eastern Cooperative Oncology Group (ECOG) 6 performance status at enrollment, score 4 or more on the BFI 7 at enrollment, and speak and understand English. Patients had to be diagnosed with lymphoma, myeloma, or breast, gastrointestinal, or lung cancers, and either undergoing chemotherapy or hormonal treatment or completed treatment in the previous 12 months.
Forty-two patients were enrolled between March 11, 2005 , and March 23, 2011. However, only 33 completed the study visits; 4 did not complete all study visits, and 4 were excluded for various reasons (Fig. 1A) . Tables 1 and 2 describe the demographic and clinical characteristics of the 38 eligible patients who began the study. All had breast cancer, and the mean baseline BFI was 5.7 (range, 4.1Y8.6) at enrollment. All patients were receiving cancer treatment. Twenty (53%) were employed, and 26 (68%) had more than a high school education. Of the 38, 45% were on pain medicines and none on antidepressants.
The study duration was 4 weeks. Patients were randomized into 1 of 2 arms: methylphenidate (18 mg/d) for 2 weeks followed by placebo for 2 weeks (arm A) or placebo for 2 weeks followed by methylphenidate (18 mg/d) for 2 weeks (arm B). Because of the drug's short half-life, we did not include a washout period. All of the research team was blinded to treatment throughout the study.
Before treatment, all patients underwent examination, including ECOG performance status. 6 A battery of tests assessing symptoms (fatigue, depression, sleep, mood), cognitive function, and work productivity was completed (Table 3 ). These psychometric instruments were selected because they have been widely used and have shown sensitivity to the neurotoxic effects of cancer treatment in other trials: Wechsler Adult Intelligence Scale (WAIS) Digit Span Test and Digit Symbol Test, 8 the Hopkins Verbal Learning Test, 9 the Controlled Oral Word Association, 10 the Trail-Making Test parts A and B, 11 and the Grooved Pegboard Test. 11 Cancer diagnosis and stage, current cancer treatment, concurrent medications, and caffeine consumption were recorded at baseline, crossover, and final visit. Demographic information was collected, and adverse events were recorded.
Patients were asked to record their fatigue level and its interference with general activity in a daily fatigue diary. Research staff contacted patients twice a week to check on adverse effects and study compliance. The patients were also contacted at the end of weeks 1 and 3 to complete a BFI and report 2 blood pressure readings taken 5 minutes apart, any adverse events, and their compliance with the regimen.
Blood was drawn to test cytokine levels at the beginning, crossover, and study completion. To study the effects of , IL-12p70, and C-reactive protein), soluble cytokine receptor sIL-6R, and soluble TNF receptors (sTNF-RI and sTNF-RII) were measured at baseline, crossover, and the end of the study. We obtained 108 samples from patients who consented for optional studies. The serum was separated and stored frozen at j80-C for batch analysis at a later date. On the day of analysis, the frozen serum samples were rapidly thawed to room temperature and assayed for the presence of cytokines and soluble cytokine receptors using Millipore Milliplex kits for Luminex (EMD Millipore Corporation, Billerica, Mass), following the manufacturer's instructions and as previously described. High-sensitivity kits were used to measure IL-1A, IL-6, IL-8, IL-10, TNF->, and IL-12p70. At the end of the trial, patients were unblinded and asked if they could identify which 2 weeks they were on methylphenidate. Patients who subjectively experienced an improvement in their fatigue levels while on methylphenidate, without medical contraindications, and who wished to continue it were given a prescription after the study and followed in our CRF Clinic. Adverse events were graded by the Common Terminology Criteria for Adverse Events version 3.0. 12 The primary endpoint was to improve the worst level of fatigue on the BFI at the end of 14 days of treatment. This variable is the most clinically sensitive in the BFI. The secondary measures of response include reductions in scores of the BFI, the Beck Depression Inventory, 13 the Brief Sleep Disturbance Scale, 14 the Profile of Mood States (POMS), 15 the MD Anderson Symptom Inventory, 16 and improvement in quality of life and cognitive function as determined by neuropsychological testing at the end of 2 weeks of treatment. Other secondary objectives included an exploratory analysis of cytokines, comparison of Work Productivity and Activity Impairment Questionnaire (WPAI) 17 scores, and a description of patient perceptions and preferences after the study.
The study was designed as a crossover in which patients were randomized into 2 groups: (1) methylphenidate for 14 days (arm A) then a placebo for 14 days (arm B) or (2) a placebo for 14 days (arm B) then methylphenidate for 14 days (arm A). Because each patient received both methylphenidate and placebo, each served as a self-control; therefore, the inclusion of patients with various types of cancer was reasonable, although we enrolled only breast cancer patients. Responses were assessed at the end of the 2-week period for methylphenidate and placebo.
The sample size was estimated by assuming a crossover analysis of variance, in which the null hypothesis is rejected if the F test for no interaction between groups and time is rejected. The groups correspond to the 2 treatment sequences. We planned for each arm to have 25 patients for 50 evaluable patients (crossover design). This sample size will detect a difference of 1.0 on the BFI 0-to 10-point scale. It was assumed that type 1 error would be 0.05, and the power would be 0.8. Unfortunately, the study was terminated before reaching our target enrollment; only 42 patients were enrolled, with 33 eligible and evaluable. The distribution of continuous variable was summarized by mean, SD, median, and range. The distribution of each categorical variable was summarized in terms of frequencies and percentages. A Wilcoxon signed rank test was used to compare differences between the 2 groups. The Pearson correlations between the primary endpoints (including the worst level of fatigue score and the compound scores based on the BFI) and the cytokine and neuropsychological data were examined. The McNemar test was conducted to assess the correlation between the fatigue levels and treatment and placebo. Subgroup analyses were performed to evaluate whether patients' fatigue level improved. All computations were carried out in Statistical Analysis Software version 9.1.
RESULTS
The primary endpoint was the worst level of fatigue score (range, 0Y10) on the BFI at the end of the 2-week treatment.
Because this was a crossover study, the potential carryover effect was examined. If a significant carryover effect existed, we planned to use only period 1 (the first 2 weeks) data for treatment effect analysis. Otherwise, pooled data (periods 1 and 2) were used to assess the treatment effect (A vs. B). The analysis results demonstrated no carryover effect (P = 0.4). Therefore, the data were pooled (n = 33) and showed no significant difference between arms A (methylphenidate) and B (placebo) by the worst level of fatigue, the primary endpoint (P = 0.54, based on a Wilcoxon signed rank test). We also compared arms for worst level of fatigue and overall BFI score (mild, BFI score G4; moderate, BFI score 4Y6.9; and severe, BFI score 7Y10), according to the level of CRF. Again, treatment arms did not significantly differ (McNemar test P = 0.6 and P = 0.5, respectively).
The average worst fatigue and interference with activity in patients' diaries did not significantly differ. This comparison was also performed by level of CRF (mild, moderate, and severe). However, the 2 arms did not significantly differ according 18 and P = .6, respectively, for worst fatigue; P = 0.13 interference with activity). The symptom inventories of the 2 arms did not significantly differ; however, the subscale of confusion in the POMS was lower in the methylphenidate group than in placebo (P = 0.05). The WAIS-III Digit Span Test demonstrated improved cognitive-processing speed in the treatment versus placebo arm (P = 0.01). Other neuropsychological testing did not show significant differences. The Pearson correlation between the neuropsychological difference (treatment vs. placebo) and the worst level of fatigue on the BFI showed no significant differences. The compound score (severity: questions 1Y3; interference: questions 3aY3f; activity: questions 4a, 4c, and 4d; and mood: questions 4b, 4e, and 4f ) also showed no difference when correlated with the worst level of fatigue on the BFI and BFI severity. However, the Hopkins Verbal Learning Test showed significant correlations between BFI interference and activity level, demonstrating declining memory with higher levels of fatigue (j0.38, P = 0.04; j0.4, P = 0.03; respectively). Also, the WAIS-III Digit Span Test showed significant difference when correlated with BFI activity (0.36, P = 0.05).
Patients receiving methylphenidate missed significantly fewer hours of work owing to health (5.3 hours, P = 0.03) and worked significantly more hours (3.2 hours, P = 0.04) than those taking placebo. Other aspects of the WPAI showed no significant results.
Baseline cytokine levels did not significantly differ regardless of the randomization during the first 2 weeks of the study, according to a Wilcoxon signed rank test. Two weeks of treatment did not produce significant change in cytokine levels. At the end of the study, IL-6R, IL-10, and TNF-> levels significantly differed between methylphenidate and placebo groups (P = 0.03, 0.0004, 0.02, respectively). The median paired difference between methylphenidate and placebo was 4928.1 (range, j68,440.1 to 75,388.4) increasing, j2.16 (j68.5 to 14.4) decreasing, and j0.48 (j4.6 to 29.6) increasing for IL-6R, IL-10, and TNF->, respectively. Results for the Pearson correlation between the cytokine difference (treatment-placebo) and BFI worst level of fatigue and compound score (severity, interference, activity, and mood) were not significant. Figure 2 shows patients' perceptions of improvement on methylphenidate and whether they wanted to continue treatment at trial's end. Twenty patients (61%) continued methylphenidate following the termination of the study.
There were no serious adverse events related to methylphenidate. One patient was hospitalized for neutropenic fever (unrelated) and removed from the study. We compared patients' blood pressure readings at baseline and after methylphenidate and found no differences. Table 4 outlines adverse events experienced. Twelve patients (36%) experienced 23 adverse events (grades 1Y2, majority grade 1) while on methylphenidate. While taking placebo, 11 patients (33%) reported 18 symptoms. One patient experiencing irritability while taking placebo withdrew from the study.
DISCUSSION
The findings of this study do not support our hypothesis; patients receiving methylphenidate (18 mg/d) did not score on average 1 unit less on the BFI worst level of fatigue compared with their score while receiving placebo. Our finding is similar to the findings reported by Moraska et al 18 on 148 patients taking 54 mg of methylphenidate daily for 4 weeks. This trial included several cancer types, and a majority had advanced disease. In contrast, Lower et al 19 reported improved fatigue in a study of 152 patients after chemotherapy. This population also included several types of cancer patients taking dexmethylphenidate over 8 weeks. Roth et al 20 recently found that short-acting methylphenidate (maximum of 30 mg daily in 2 doses) effectively treated fatigue in elderly men (70 years, average) with advanced prostate cancer over a 6-week period. However, the study was discontinued early, with only 16 patients in each of the arms (methylphenidate and placebo). Our study population consisted of women (57 years, average) with breast cancer treated with methylphenidate for 2 weeks. Only about one-third had advanced disease. Perhaps some or all of these differences contributed to our dissimilar findings, which only reinforces the need to continue to seek treatments for CRF. We also used a low dose of methylphenidate without a titration schedule. Perhaps a titration schedule with the ability to increase doses may have produced different results. Also, although this drug acts relatively quickly, a longer treatment period may have changed our findings. Despite limitations, our study includes unique aspects not previously considered in a randomized clinical trial of methylphenidate, such as the effect of fatigue on neurocognitive abilities and on work productivity and descriptions of patient perceptions and preferences. Although our study was stopped before adequate power was reached, some findings support methylphenidate as a treatment for CRF. Further study may be warranted. Methylphenidate improved patients' cognitive-processing speed and recall. Cognitive improvement with stimulants has previously been noted, supporting our results. 21 Our results also show that methylphenidate significantly reduced patients' absences from work owing to their illness and increased the number of hours they were able to work. Of the 20 employed patients (61%), 13 (65%) were working full time (Q40 hours per week). The ability to continue working is extremely important to the majority of cancer patientsVnot only to maintain financial and family stability and health insurance coverage but also to stabilize patients' mood, personal perceptions of selfworth, and satisfaction.
Our documentation of patient perceptions and preferences shows that the majority of patients subjectively experienced improvement, as they chose to continue methylphenidate following study completion. This shows some patients are willing to take a stimulant for longer periods if they feel it will help CRF. They had minimal adverse events, and all were mild. The number and severity of adverse events were similar on both study arms. The stimulant did not induce hypertension in our patients. This contrasts to the recent study of short-acting methylphenidate published by Roth et al, 20 whereas 38% (6/16) had increased blood pressure or tachycardia and discontinued treatment. Our decreased rates of these events may be due to a younger and potentially healthier cohort than those of Roth et al.
Our exploratory cytokine analysis, the first study of cytokines in a clinical trial of a stimulant for CRF, showed changes in some cytokines between arms. Meyers et al 22 showed a significant relationship between levels of IL-6, IL-1RA, and TNF-> and fatigue and overall quality of life. They found high levels of IL-6 were associated with worst performance in executive function, whereas higher IL-8 levels were related to improved memory performance. Other preliminary evidence suggests that fatigue is associated with elevations in proinflammatory cytokines (IL-1, IL-6, TNF->) and interferons. 23 Because these cytokines may be affected by many factors, including cancer treatment, the significance of our findings is unclear, and continued work is necessary. It is difficult to interpret and correlate our findings with others, as patients enrolled in our study did not receive the same cancer treatments, did not have the same extent of disease, and were not on matching time points during their cancer treatments. All of these factors may influence cytokine levels and thus our results.
We encountered several challenges in recruiting and subsequently enrolling patients in this trial. As noted in Figure 1B , more than 10,000 patients were screened. Of these, approximately 600 (6%) were eligible and approached. More than 90% declined participation for various reasons. Subsequently, 7% of those approached were enrolled. The trial of Roth et al 20 was also stopped before reaching their target enrollment, although they approached and screened more than 1000 patients. The trial of Moraska et al 18 recruited 148 patients from multiple sites through a cancer trial group network. Multisite studies frequently require greater resources and financial support; however, this expense may be necessary for success in these trials.
Other limitations to consider in interpreting our results include the cohort studied. Our patients were studied at a comprehensive cancer center and may be dissimilar to other populations. There were no men, and the population was moderately well educated, and more than half were employed.
In summary, we believe our findings have made progress toward a better understanding of CRF. Employed patients had fewer work absences and were able to work more when taking methylphenidate. Our study is the first randomized trial to report patients' perceptions and preferences, incorporating the desires of our patients into treatment plans. A majority of patients experienced improved fatigue and desired to continue methylphenidate following the trial. There were no serious adverse events and minimal other adverse events, demonstrating the tolerability and safety of methylphenidate in the study population. Our study is also the first clinical trial of a stimulant for CRF to investigate cytokine levels. Further investigations of cytokines' role in CRF may aid in understanding this cancer treatment-related toxicity. Additional studies with higher dosages and/or longer treatment periods and varying cancer populations may help to clarify the efficacy of methylphenidate for CRF. Including work productivity and patient preferences may add an important metric to our efforts to improve CRF in our patients.
